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Abstract
Introduction: Detection of impacted teeth by the orthodontist is imperative for diagnosis
and treatment planning. A tooth is impacted when it has arrested eruption due to the
presence of a clinically or radiographically visible physical barrier in the path of eruption.
The most commonly impacted teeth are third molars, followed by maxillary canines and
mandibular second premolars. When referring to mandibular second molar (MM2)
impaction, prevalence ranges from as low as 0.06-0.65%1-5, to as high as 1.36% and
1.8%. Numerous studies have identified etiologic risk factors for MM2 impaction, such
as mesial crown angulation, dental crowding, morphological tooth anomalies, and a
smaller distance between the mandibular first molar and the mandibular ramus. 4-8 Studies
also suggest a positive correlation between vertically directed condylar growth and
impaction rates of mandibular second and third molars. However, to this day, few studies
have correctly used lateral cephalograms to evaluate the skeletal morphology of the
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mandible and its relationship mandibular second molar impaction.5,9 Thus, the goal of
this research study was to evaluate if there is a relationship between MM2 impaction and
Class II malocclusions.
Methods: In this retrospective study, 75 subjects with impaction of MM2 were compared
to a control group of 200 subjects with normal eruption of MM2. Based on evaluation of
panoramic x-rays, MM2 was classified as impacted if its complete eruption to occlusal
plane height was prevented by an abnormal contact with another tooth in the same arch,
and when it remained unerupted beyond ¾ root formation. The corresponding lateral
cephalograms were then traced and analyzed using Dolphin Imaging Software available
in the Nova Southeastern University Post-Graduate Orthodontic Clinic. Frequencies and
percentages were calculated for all categorical variables, and means and standard
deviations were calculated for continuous measures. Wilcoxon-Mann-Whitney-U-tests
was used for statistical comparisons between groups, and a logistic regression model was
used to examine the relationship between various independent variables and the presence
of impaction.
Results: No association was found between gender, age, and mandibular second molar
(MM2) impaction. The sagittal analysis showed that MM2 impaction was more
commonly seen in skeletal Class II patients (p<0.05). However, mandibular corpus length
(Xi-Pm) and eruption space (MM1-Xi) showed no statistically significant difference
between groups. Vertical analysis in the MM2 impaction group showed significantly
larger values for SN-MP, FH-MP (FMA), and SGn-FH (p<0.05). Lastly, the logistic
regression model showed that hyperdivergent patients were nearly four times more likely
to have MM2 impaction than hypodivergent patients (OR=3.99, p=0.009).
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Conclusions: Although Class II malocclusions were more likely to present with MM2
impaction than Class I malocclusions, this study could not confirm that a short mandible
or one that has reduce retromolar eruption space is the cause of MM2 impaction. Instead,
our findings showed the importance of evaluating the vertical morphology of the
mandible and its association with mandibular second molar impaction. This seems to be a
useful finding for treatment planning, especially in cases that are being planned for
maximum mandibular anchorage or distalizing mechanics.

viii

Table of Contents
Acknowledgement .............................................................................................................v
Abstract .............................................................................................................................vi
Table of Contents .............................................................................................................ix
List of Tables .....................................................................................................................x
List of Figures ...................................................................................................................xi
Chapter 1: Introduction ...................................................................................................1
1.1. Background ........................................................................................................................1
1.1.1. Eruption Disturbances……........................................................................................1
1.2. Mandibular Second Molars...............................................................................................2
1.2.1. Timing of Eruption....................................................................................................2
1.2.2. Impaction Etiology ...................................................................................................3
1.3. Class II malocclusions.........................................................................................................4
1.3.1. General.......................................................................................................................4
1.3.2. Class II Division 1 malocclusions..............................................................................5
1.3.3. Class II Division 2 malocclusions..............................................................................5
1.4. MM2 impactions and lateral cephalometric X-rays…....................................................6
1.5. Current Study .....................................................................................................................7
1.5.1. Purpose ......................................................................................................................7
1.4.2. Specific Aims/Hypotheses ........................................................................................8

Chapter 2: Materials and Methods .................................................................................9
2.1. Study ....................................................................................................................................9
2.2. Subjects …….....................................................................................................................12
2.3. Grant …………………….................................................................................................15
2.4. Dependent Variables ........................................................................................................15
2.5. Independent Variables .....................................................................................................20
2.6. Measurement of defined cephalometrics landmarks.....................................................20
2.7. Statistical Analysis ...........................................................................................................21

Chapter 3: Results ...........................................................................................................22
3.1. Descriptive Statistics ........................................................................................................22
3.2. Association between impaction and divergency.............................................................25
3.2.1. Logistic Regression Model .....................................................................................26

Chapter 4: Discussion .....................................................................................................28
4.1.1. Principle finding ......................................................................................................28
4.2.1. Limitations and future studies..................................................................................33

Chapter 5: Conclusions ..................................................................................................34
Appendix – raw data........................................................................................................35
Bibliography ....................................................................................................................41

ix

List of Tables
Table A Cephalometric Measurements used to analyze MM2 Impaction.................12
Table 1 Baseline characteristics of the subjects............................................................22
Table 2 Mean and standard deviation of gender, age and skeletal characteristics
distributions in both control and study group.................................................23
Table 3 Reliability of all variables in both study and control groups.........................24
Table 4 Bivariate comparison analysis for evaluation of association between FMA
measure, presence of impaction and age..........................................................25
Table 5 Logistic regression model analysis for correlation of impaction and vertical
status of the patients after age, gender adjustment..........................................27

x

List of Figures
Figure 1 Cephalometric landmarks...............................................................................10
Figure 2 Cephalometric landmarks traced using the Dolphin software.....................11
Figure 3 Methods Flowchart...........................................................................................14
Figure 4 Rickets Xi point.................................................................................................17
Figure 5 Measurement MM1-Xi.....................................................................................18

xi

Chapter 1: Introduction
1.1 Eruption Disturbances
Detection of impacted teeth by the orthodontist is imperative for diagnosis and
treatment planning. A tooth is impacted when it has arrested eruption due to the presence
of a clinically or radiographically visible physical barrier in the path of eruption. 10 This
barrier is independent of the tooth’s eruption mechanism, and is often times associated
with an abnormal eruption path due to the unusual orientation of the tooth germ. 10 The
most commonly impacted teeth are third molars, followed by maxillary canines and
mandibular second premolars.1,7 The term impaction represents one of many eruption
disturbances, and is easily confused with similar terms such as primary and secondary
retention.

Primary retention is cessation of eruption of a normally positioned tooth before
gingival emergence, and without a recognizable physical barrier in the eruption path.10
Primary retention is most likely caused by a disturbance in the dental follicle that fails to
initiate the metabolic events responsible for bone resorption. Thus, primary retention
occurs when non-resorbing bone occlusal to a primarily retained molar causes a barrier in
the eruption path.11 This type of retention is synonymous with unerupted and embedded.
When eruption of a permanent tooth is at least two years behind schedule, primary
retention should be expected.11

Secondary retention is cessation of a normally positioned tooth after its
emergence, without a physical barrier in the eruption path. 10 Clinically, secondary
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retention is suspected when a molar is in infraocclusion at an age when the tooth would
normally been in occlusion.11 Ankylosis has not been specifically used to refer to this
disorder, but it may be a main factor in its development. 11 Unfortunately, the
etiopathogenesis of secondary retention remains unknown.

The prevalence of these eruption disturbances for the maxillary or mandibular
second molars is 2.3%.6 However, when referring to the prevalence of mandibular second
molar impaction, the range varies from as low as 0.06-0.65% 1-5 to as high as 1.36% and
1.8% in certain populations.6,7

1.2 Mandibular Second Molars
1.2.1. Timing of Eruption
Normal tooth eruption for the mandibular second molar (MM2) was defined by
Helm and Seidler as 11.9 and 11.4 years old for Danish boys and girls.3 Demirjian and
Levesque showed that the median age for MM2 emergence was 11.3 and 11.6 years for
French-Canadian girls and boys, respectively.12 In addition, they showed that MM2
erupts only after attainment of 3/4th of root length.13 Thus, the timing of eruption is
important in order to procure the most successful treatment results. This occurs between
11 and 14 years of age, when root formation and apex closure of the MM2 has not yet
been completed.14,15
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1.2.2. Impaction Etiology
Numerous studies have identified risk factors for mandibular second molar
(MM2) impaction. Evaluation of patient gender suggests that it is not a related factor for
impaction.2,4,6,7 However, patient age seems to influence the rate of impaction, as the
younger population is more commonly affected.1,6

Impaction of the MM2 is also associated with crowding, and morphological tooth
anomalies such as taurodontism, deflections, and invaginations of roots.6-8 In addition,
impacted MM2s are more likely to have a mesial angulation, and are less commonly in a
distal or vertical position.4-6,8 The acute impaction angle between MM2 and the
mandibular first molar is coincident with the fact that several authors have suggested that
impaction of second molars is usually associated with an arch length deficiency. 11,16

Studies also show a correlation between vertically directed condylar growth and
increased impaction rates of mandibular second and third molars.10,17-19 Patients with this
growth pattern show reduced bone resorption at the anterior aspect of the ramus, and
could possess less space for the permanent teeth to erupt.17,18,20,21 The opposite concept is
observed in backward or sagittally directed condyle growth. In these cases, posterior
growth rotation is present, and there is increased resorption at the anterior aspect of the
ramus which could lead to additional retromolar space. 18,20

Lastly, impacted second mandibular molars may also have an autosomal genetic
component. MM2 impaction was shown to have greater expression in the Chinese-
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American population compared to an Israeli population. 7 This study also concluded that
the most likely contributing factor in MM2 impaction is the arrested development of its
mesial root, and that a secondary factor might be the lack of space between the distal of
the mandibular first molar and the ascending ramus.7 The latter part of this statement
seems to be a common occurrence.

1.3 Class II Malocclusions
1.3.1

General
In individuals with a normal occlusion and skeletal relationship, the amount of

maxillary and mandibular growth is synchronized, and the result is a balanced and
esthetically pleasing profile.22 In Class II individuals, there is an anterior-posterior
discrepancy between the maxillary and mandibular dentitions, which may or may not be
accompanied with a skeletal discrepancy.22 Thus, Class II malocclusions have a distal
relationship of the mandibular dentition relative to the maxillary dentition.22

Class II malocclusions constitute approximately 23% of the orthodontic cases.12
Overjet of 5 mm or more, suggesting Angle's Class II malocclusion, occurs in 23% of
children, 15% of youths, and 13% of adults.23 This relative frequency was similar to that
reported for white American children by two additional authors. 13,24 These malocclusions
present with specific skeletal characteristics, and are important because they can be
challenging to treatment plan.
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One of the main skeletal characteristic of a Class II malocclusion is characterized
by a large ANB angle, reflecting the malrelationship between the maxilla and mandible. 22
This anteriorposterior, or sagittal difference, often times occurs with vertical
discrepancies and other characteristics that help classify individuals into two divisions—
Class II Division 1, and Class II Division 2 malocclusions.

1.3.2. Class II Division 1 Malocclusions
Class II Division 1 malocclusions are described as having labially inclined
maxillary incisors, and an increased overjet with or without a relatively narrow maxillary
arch. The vertical incisor overlap may vary from a deep overbite to an open bite.22

Skeletally, a number of cephalometric studies that dealt with Class II Division 1
malocclusions indicated that the relationship of the maxilla to the cranial base showed no
significant differences between these individuals and matched normal subjects. 22 They
showed that the mandible was significantly retrusive with the chin located farther
posteriorly, resulting in a larger Facial Convexity angle. Other studies confirmed that
Class II Division 1 cases and normal individuals have the same composite pattern, except
that the body of the mandible appears shorter, and the lower first molars are more
posterior.25

1.3.3. Class II Division 2 malocclusions
Class II Division 2 malocclusions are described as having excessive lingual
inclination of the maxillary central incisors, overlapped on the labial by the maxillary
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lateral incisors.22 This malocclusion is often accompanied by a deep overbite and
minimal overjet.

Skeletally, Class II Division 2 malocclusions present similar characteristics to
Class I Division 1 malocclusions but differ in that the posterior cranial base was larger in
Division 2 cases.26 In addition, it was noted that the “typical” mandibular form in
Division 2 cases had a relatively more acute gonial and mandibular plane angles, shorter
lower anterior face height, and excess overbite.26 This could potentially cause the
mandible and B-Point (SNB) to become more retrusive.

1.4 MM2 impactions and Lateral Cephalometric X-rays
This study will address the fact that few studies have attempted to determine the
skeletal classification of subjects with impacted mandibular second molars. Using only
panoramic x-rays, Cassetta et al. (2013) showed that impacted mandibular second molars
(MM2) are more frequently seen in Class II dental malocclusions. 9 It was also concluded
that there was a shorter amount of space between the mandibular first molar (MM1) and
the mandibular anterior ramus, and that the molar and canine relationship was seen as
Class II in about 50% of the cases.9 On the contrary, Cho, Ki, Chu, and Chan observed
MM2 impaction more commonly in Class III dental malocclusions.6,19 However, neither
of these studies analyzed lateral cephalograms to evaluate the relationship between
skeletal morphology of the mandible and impacted mandibular second molars.

Using lateral cephalograms, Vendofte, Andreasen, and Kjaer showed that patients
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with arrested eruption of MM2 favored a Class II sagittal jaw relationship, whereas
Cassetta, Altieri, and Calasso, concluded that the sagittal jaw relationships in each study
group was skeletal Class I.5,19 Brin, Camasuvi, Dali, and Aizenbudd showed that there
was no association between skeletal malocclusion and mean eruptive position of MM2.27
These cephalometric studies clearly show opposing results, and leave room for further
investigation.

Overall, the vertical analysis of cases with MM2 impaction was more congruent,
as both studies showed normal FMA and SN-GoGn values. However, gonial angle was
slightly reduced, which lead the authors to conclude that there was vertically directed
condylar growth present, and that this could be associated with less retromolar space and
forward growth rotation of the mandible.19,28

1.5. Current Study
1.5.1. Purpose
Few studies have attempted to determine the skeletal morphology of subjects with
impacted mandibular second molars using lateral cephalograms. The results of this study
may help clarify additional etiologies and characteristics seen in MM2 impaction cases.
This study will further insight into the skeletal etiology associated with impacted MM2s
by evaluating lateral cephalograms, and using accurate definition of MM2 impaction.
This study will also be the first to evaluate if there is a relationship between mandibular
corpus length, according to Ricketts, and MM2 impaction. 29 This information could
enable the orthodontist to better understand the characteristics associated with MM2
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impactions, and help determine the relationship between MM2 impaction and Class II
malocclusions.

1.5.2. Specific Aims
Specific Aim 1: To determine if there are certain lateral cephalometric measurements or
categorical variables (sex and age) that are associated with impaction of
the mandibular second molar.
Hypothesis 1: There is a positive association between mandibular second molar
(MM2) impaction and certain lateral cephalometric and categorical
variables (sex and age).
Specific Aim 2: To examine any association between MM2 impaction and Class II
malocclusions.
Hypothesis 2: There is an association between impacted mandibular second
molars and Class II malocclusions.
Specific Aim 3: To examine the association between MM2 impaction and divergency.
Hypothesis 3: Hyperdivergent patients are more likely to be associated with the
impaction group than hypodivergent patients.
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Chapter 2: Materials and Methods
2.1. Study
This retrospective study was performed by evaluating digital lateral cephalograms
(LC) and panoramic x-rays available in the Postgraduate Orthodontic Clinic at Nova
Southeastern University’s (NSU) College of Dental Medicine. First, panoramic x-rays
were visually screened. Subjects with at least one impacted mandibular second molar
were selected to be a part of the study group. The control group was randomly selected
from the list of 4635 available panoramic x-rays in the NSU Dolphin Imaging Software
database. A total of 275 subjects were selected to be a part of the study.

Upon identifying 75 cases of mandibular second molar impaction and 200 control
group subjects, the corresponding lateral cephalograms were traced and analyzed using
the Dolphin Imaging Software available in the Postgraduate Orthodontic Clinic. After
this, three subgroups for FH-MP (FMA) were created and analyzed based on the
following criteria: Hyperdivergent: FMA ≥ 30, Normodivergent: 20 < FMA <30,
Hypodivergent ≤ 20. Section “2.4 Dependent Variables,” provides a description of the
cephalometric landmarks and measurements used in this study (Figure 1).
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Figure 1: Cephalometric landmarks30

In accordance with the specific aims, the appropriate anatomical landmarks on
the lateral cephalogram x-rays were then selected (Figure 2), and the Dolphin software
computed the respective measurements and angles for all variables (Table A).
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Figure 2: Cephalometric landmarks traced using the Dolphin software
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Table A: Cephalometric Measurements used to analyze MM2 Impaction
Mandibular corpus length (Xi-PM) Distance between the geometric center of the ramus
(Xi) and Protuberance menti (PM).
Mandibular ramus height (Ar-Go)
Eruption space (MM1 - Xi)

Skeletal Classification (ANB)
Gonial angle (Ar-Go-Me)
Divergency

Distance from Articulare to Gonion.
Distance between the most distal point of the MM1
crown to Xi point, as determined by a dropping a
perpendicular projected from the occlusal plane.
The angle formed between A point, Nasion, and B
point.
The angle formed between Articulare, Gonion, and
Menton.
The angles formed between
1) SN-MP 2) FH-MP 3) SGn-FH

2.2. Subjects
Subjects were acquired from the Dolphin Imaging Software in the Post-Graduate
Orthodontic Clinic at Nova Southeastern University’s (NSU) College of Dental
Medicine. This database included 4,635 initial panoramic and lateral cephalogram x-rays
that had been previously been taken during initial treatment planning. The inclusion
criteria for the study and control group included subjects 10 years or older, with no
previous orthodontic treatment, no missing permanent teeth, no history of systemic
medical conditions, and no pathology such as cysts or extensive caries. A flow chart was
created to better describe the methods used in this study (Figure 3).

For the study group, mandibular second molar impaction (MM2) was defined as
occurring when the complete eruption of MM2 to occlusal height was prevented by an
abnormal contact with another tooth in the same arch, and when it remained unerupted
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beyond ¾ root formation.5,8,10 This group included 75 study subjects with MM2
impaction.

The control group consisted of 200 Class I skeletal subjects (ANB 0 < x <4) with
normal eruption of MM2. Normal eruption was determined to be present if MM2 was
level with the occlusal plane at the time full eruption was expected.3,8

After initial analysis, three additional subgroups for FH-MP (FMA) were created
and analyzed based on the following criteria: Hyperdivergent: FMA ≥ 30,
Normodivergent: 20 < FMA <30, Hypodivergent ≤ 20.
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Figure 3: Flow chart depicting the separation of patients into each group, and the data collection
and analysis.
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Each subject was identified by their unique chart number for anonymity and
tracking purposes. IRB approval to conduct research using existing patients was granted
at Nova Southeastern University. No potential ethical issues could be identified as part of
this research study. All data collection complied with IRB and HIPAA regulations, and
all data was de-identified to ensure confidentiality.

2.3 Grant
This study was awarded a grant by the Health Professions Division at Nova
Southeastern University.

2.4. Dependent Variables
Dependent variables 1-6, and their respective landmarks are described below. Variables
1-6 were measured using lateral cephalogram x-rays in Dolphin.

1) Skeletal Classification (ANB)

5) Eruption Space (MM1-Xi)

2) Divergence (SN-MP, FH-MP, SGn-FH)

6) Gonial angle (Ar-Go-Me)

3) Mandibular Corpus Length (Xi-PM)
4) Mandibular Ramus Height (Ar-Go)

1) The angle in degrees formed between hard-tissue A-point (subspinale), Nasion, and Bpoint (supramentale) on the lateral cephalogram helps to determine the skeletal
classification (ANB) of a subject’s malocclusion. In this study, a Class II skeletal
relationship was present if the anterior-posterior position of the mandible was more
retrusive than the maxilla.22 This occurred when B-point was at least 4 degrees behind
A-point, for an ANB angle > 4.
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2) SN-MP, FH-MP (FMA), and SGn-FH are three key vertical measurements that helped
determine if MM2 impaction was related to the divergency. Sella turcica to nasion
(SN), and gonion to menton (MP) represent the landmarks used to create the angle
between SN-MP. FH-MP (FMA) uses Frankfort horizontal plane (FH) and the
mandibular plane (MP) to create the mandibular plane angle. SGn-FH (Y-axis)
represents the angle formed at the anterior inferior intersection of a line from Sella
turcica to gnathion with the Frankfort horizontal plane. Each of these angles aid in
determining the growth direction, and the divergency of the patient.

3) Mandibular corpus length (Xi-PM) was used in order to determine the length in
millimeters of the mandibular body, according to Ricketts. This measurement allowed
us to determine if a shortened mandible, as seen in Class II patients, was associated
with an increase in MM2 impaction. Figure 4 shows a diagrammatic representation of
the method used for the determination of Xi point. Note that R1 is the deepest point on
the subcornoid incisure; R2 is selected directly opposite that point on the posterior
border of the ramus; R3 is picked at the depth of the sigmoid notch; R4 is a point
directly inferior on the lower border of the ramus.29 Using these four points the
centroid of the ramus (Xi) was selected by forming a rectangle and connecting the
corners. This rectangle and Xi point is automatically calculated by the Dolphin
Imaging Software once the digital selection of the above four landmarks are made.
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Figure 4: Determination of Xi point

4) Mandibular Ramus Height (Ar-Go) represented the vertical height of the mandibular
ramus in millimeters. It was measured on the lateral cephalograms to help classify
Class II malocclusion characteristics.

17

5) Eruption Space (MM1-Xi) is the distance between Xi point and the most distal
convexity of the mandibular first molar (MM1) crown, as determined by a dropping a
perpendicular to the occlusal plane. This measurement evaluated the amount of space
available for MM2 to erupt. Figure 5 shows the measurement MM1-Xi (blue line)
traced on a lateral cephalometric radiograph. In this example, MM1-Xi has a value of
25.20mm.

Figure 5: Measurement MM1-Xi
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6) Gonial angle (Ar-Go-Me) was measured to help classify and describe Class II
malocclusions. It was also used to determine the divergency of mandibular growth,
and provide guidance as to the overall direction of condylar growth.

To determine if there are certain lateral cephalometric measurements or
categorical variables (sex and age) that are associated with impaction of the mandibular
second molar, dependent variables 1-6 were measured in the control and study groups.
The groups were then compared to determine if there was a significant difference
between any of the lateral cephalometric measurements.

To examine any association between MM2 impaction and Class II malocclusions,
the collected data in both groups was interpreted to determine any association between
MM2 impaction and Class II malocclusions. This involved considering dependent
variables 1-6 to conclude if patients with MM2 impaction are more likely to present with
Class II malocclusion characteristics.
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2.5. Independent variables
In order to determine if sex and age were associated with impaction of the
mandibular second molar, these independent variables were recorded. Then, they were
compared between groups to determine if there was an association with MM2 impaction.

The second primary independent variable of interest was MM2 impaction. Data
was collected on dependent variables 1-6 in order to measure the association between
impacted mandibular second molars and Class II malocclusions.

Lastly, three subgroups were created based on FMA to divide the subjects into
“hyperdivergent,” “normodivergent,” and “hypodivergent” groups. The study and control
groups were then compared to determine the role of MM2 impaction.

2.6. Measurement of Defined Cephalometric Landmarks
Cephalometric measurements of the defined variables were completed for all 275
subjects. Data storage for each set of superimpositions was password protected in a
Microsoft Excel Spreadsheet, and saved on a password protected secure server.

One researcher produced each of the tracings utilized in this study. A
random sample of 25 tracings were selected and retraced by the author at a separate
setting, four weeks later, in order to independently assess intra-rater reliability.
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2.7. Statistical Analysis
Seventy-five patients with impaction of the mandibular second molar (MM2)
were compared to a randomly selected control group of 200 subjects with normal
eruption of MM2. The sample size of 70 was based on the following assumptions:
standardized Cohen’s effect size (d) of 0.50, power of 80%, alpha of 0.05, and an
allocation ratio of 1. We selected the 200 subjects for the control group based on the
work of Cassetta, Altieri, and Calasso.19 An additional 5 subjects were added for a total of
75 study group subjects, in case of incomplete data collection.

Frequencies and percentages were calculated for sex and age, and means and
standard deviations were calculated for cephalometric measurements. Concordance
reliability was used to ascertain inter-rater reliability. Wilcoxon-Mann-Whitney-U-tests
was used for statistical comparisons between groups. After initial analysis of both the
control and study group, three subgroups were created for FH-MP (FMA) based on the
following criteria: Hyperdivergent: FMA ≥ 30, Normodivergent: 20 < FMA <30,
Hypodivergent ≤ 20. A bivariate comparison using a chi-square analysis or ANOVA was
then performed. A logistic regression model was used to examine the relationship
between various independent variables and the presence of impaction. RStudio and R
3.2.2 was used for all statistical analysis and significance is accepted at p < 0.05. 31
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Chapter 3: Results
3.1. Descriptive Statistics

Two hundred and seventy five subjects served as the sample for the analysis
(Table 1). The subjects were recruited from the patient database of Nova Southeastern
University orthodontic department between August 2005 and January 2018. The control
group consisted of 200 individuals (73.0% of total samples) and the study group
contained 75 (27.0% of total samples). There were a total of 145 girls (53.7%) and 130
boys (47.5%) in the study. There was no statistically significant difference in the mean
age of subjects in the control (13.7 ± 1.5) and study (14.1 ± 2.7) groups (p = 0.217)
(Table 2).

Using a Wilcoxon-Mann-Whitney-U-test, statistically significant differences
between the control group (CG) and study group (SG) for the measures of ANB, SN-MP,
FH-MP, and SGn-FH were found (p < 0.05) (Table 2). These four measurements were
larger in the MM2 impaction study group.
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Table 2. Mean and standard deviation of gender, age and skeletal characteristics distributions in both control and
study group.
Control Group (CG) Study Group (SG)
Difference
p value
Cohen’s d
Ct (%)
Count (%)
(95% CI)
99 (49.5)
31 (41.3)
0.227
Female
101 (50.5)
44 (58.7)
Male

Age(y)
ANB(°)
SN-MP(°)
FH-MP(°)
SGn-FH(°)
Ar-Go-Me(°)
Xi-Pm(mm)
Ar-Go(mm)
MM1-Xi(mm)
*Statistically Significant

CG (N=200)
M ± SD
13.7 ± 1.5
2.3 ± 1.1
33.0 ± 5.0
24 ± 4.3
57.5 ± 3.0
124.5 ± 5.9
66.7 ± 4.3
42.0 ± 4.9
28.7 ± 3.5

SG (N=75)
M ± SD
14.1 ± 2.7
4.7 ± 2.7
35.0 ± 5.0
25.8 ± 4.7
59.4 ± 3.5
123.8 ± 8.4
66.6 ± 5.7
42.7 ± 4.5
28.3 ± 3.8
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-2.40 (-3.04,-1.77)
-2.03 (-3.38,-0.69)
-1.70 (-2.94,-0.47)
-1.84 (-2.74,-0.93)
0.63 (-1.46,2.72)
0.11 (-1.32,1.55)
-0.66 (-1.90,0.58)
0.47 (-0.51,1.46)

0.217
<0.001*
0.012*
0.006*
<0.001*
0.834
0.689
0.510
0.390

1.44 (1.14,1.73)
0.40 (0.13,0.67)
0.38 (0.11,0.65)
0.58 (0.31,0.85)
0.09 (0.17,0.35)
0.02 (0.01,0.24)
0.13 (0.12,0.40)
0.05 (0.04,0.17)

Reliability was assessed for all eight variables by each group. To evaluate
reproducibility and reliability measurements, the concordance correlation coefficient was
measured. All eight measurements were re-evaluated after four weeks with the same
examiner. The result of concordance measure revealed a high level of intra-agreement for
all variable measurements (p value <0.001) (Table 3).

Table 3. Reliability (consistency) of all variables in both study and control groups.
CG
SG
p value
Reliability (95% CI)
Reliability (95% CI)
.979 (.959,.999)
.999 (.997,1.000)
<0.001
ANB(°)
.998 (.997,1.000)
.999 (.997,1.000)
<0.001
SN-MP(°)
.999
(.997,1.000)
.999
(.997,1.000)
<0.001
FH-MP(°)
.996 (.992,.999)
.999 (.997,1.000)
<0.001
SGn-FH(°)
.992 (.9983,.1.00)
.998 (.995,1.000)
<0.001
Ar-Go-Me(°)
1.000 (1.000,1.000)
.999 (.998,1.000)
<0.001
Xi-PM (mm)
.944 (.892,.995)
.999 (.998,1.000)
<0.001
Ar-Go (mm)
.998 (.996,1.000)
.997 (.994,1.000)
<0.001
MM1-Xi (mm)
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3.2 Association between Impaction and Divergency
Three subgroups were created for the control and study groups, based on the FHMP (FMA) measurement. A bivariate comparison using a chi-square analysis (for
gender), and ANOVA (for impaction) is presented in Table 4. Results showed a
significant association between the FMA grouping, the impaction group (control and
impaction), and age.

Table 4. Bivariate comparison analysis for evaluation of association between FMA
measure, presence of impaction and age.
p
Hypodivergent Normodivergent Hyperdivergent
Ct (Row %)
Ct (Row %)
Ct (Row %)
value
36 (81.8)
146 (73.7)
18 (54.6)
0.024
Control Group
8 (18.2)
52 (26.3)
15 (45.5)
Study Group
p
Hypodivergent Normodivergent Hyperdivergent
Ct (Row %)
Ct (Row %)
Ct (Row %)
value
18 (40.9)
95 (48.0)
16 (48.5)
0.670
Female
26 (59.1)
103 (52.0)
17 (51.5)
Male
Age: Mean
Letters*
P-Value
(SD)
14.4 (1.4)
A
0.018
Hypodivergent
(N = 44)
13.6 (1.6)
B
Normodivergent
(N = 198)
14.2 (3.3)
AB
Hyperdivergent
(N = 33)
* Different letters indicate statistically significance differences between the indicated
groups (p>0.05)
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3.2.1 Logistic Regression Model

A logistic regression model was used to examine the relationship between various
independent variables including patient’s age, gender, and vertical status with presence of
impaction (binary dependent variable).

In regards to gender (binary independent variable), the female gender was
considered as a reference. Table 5 logistic regression results showed that the chance of
impaction was not statistically significant (p = 0.234).

Results of the logistic regression analysis indicated that there was a significant
association between hyperdivergent patients and mandibular second molar (MM2)
impaction (p = 0.009). The hypodivergent patients were considered the reference. This
statistically significant association indicated that hyperdivergent patients are 3.99 (95%
CI: 1.41,11.30) times more likely to have MM2 impaction when compared to
hypodivergent patients. The regression analysis also showed that there was not a
significant association between hypodivergent and normodivergent patients, when
compared to mandibular second molar (MM2) impaction (χ2(4) = 10.86) (Table 5).
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Table 5. Logistic regression model analysis for correlation of impaction and vertical status of the patients after age,
gender adjustment
Coef
SE
95% CI
Z
P>[z]
OR
95% CI
Female
Reference
Male
0.33
0.28
(-.21,.88)
1.19
0.234
1.39
(0.80,2.41)
Gender
0.10
0.07
(-.04,.24)
1.41
0.159
1.11
(0.96,1.27)
Age
Hypodivergent
Reference
Vertical
Normodivergent 0.578
0.42
(-0.26,1.41)
1.35
0.178
1.78
(0.77,4.16)
Status
Hyperdivergent
1.38
0.53
(0.34,2.42)
2.61
0.009* 3.99
(1.41,11.30)
-3.19
1.13
(-5.42,-0.97) -2.82 0.005
0.04
(0.01,0.37)
Intercept
*Statistically Significant, CI: Confidence Interval, OR: Odds ratio, SE: Standard Error
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Chapter 4: Discussion
4.1. Principle findings
This study was the first of its kind to properly analyze mandibular second molar
impaction (MM2) using an accurate definition. Previous studies evaluated eruption of
MM2 at a time point that was premature, which may have led to inaccurate conclusions.
Demirjian and Levesque showed that MM2 eruption occurs only after ¾ of the root had
been formed.8 Thus, this study correctly identify MM2 impaction, defined as when the
tooth’s complete eruption to occlusal height is prevented by an abnormal contact with
another tooth in the same arch, and when it remained unerupted beyond ¾ root
formation.5,8,10

The study group consisted of 41.3% Females (F) and 58.7% Males (M), and the
control group had 49.5% F and 50.5% M, respectively. No association was found
between gender and MM2 impaction (Table 2). This result was in accordance with Fu et
al. who also showed there was no association between male and female MM2 impaction.1
In contrast, Cassette et al. and Varpio and Wellfelt showed that MM2 impaction was
more common males; however, Cho, Ki, Chu, and Chan showed they were more
commonly seen in females.5,9,32 The results found in this study might be expected because
Shapria et al. showed that MM2 impaction appears to be an autosomal trait, rather than
inherited via the sex chromosomes.7

There was also no association between MM2 impaction and age (Table 5). This
was expected due to the variable range of eruption ages reported for the mandibular
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second molar, and because of the numerous confounding etiological factors that
contribute to the variable timing of MM2 impaction.3,8

In order to identify any association between skeletal morphology and impaction
of the mandibular second molar (MM2), sagittal analysis was performed by evaluating
ANB. Results showed significantly larger ANB values in the study group, meaning that
MM2 impaction was more commonly seen in skeletal Class II patients (Table 2). This
result agrees with the data reported by Vedtofte, Andreasen, and Kjaer who also found
that patients with MM2 impaction were more likely to be skeletal Class II. 28 In
opposition to these findings, Cassette, Altieri, and Calasso found that MM2 impaction
was more likely to be seen in skeletal Class I individuals.19 However, this particular study
may have inconclusive results due to the vague inclusion criteria selected for MM2
impaction. The study defined MM2 impaction as occurring when an abnormal contact
with another was made, or when it remained unerupted past the time it normally erupts.19
This vague definition of eruption timing leads us to ponder if the results can be
generalized.

Vertical analysis in the impaction group showed significantly larger values for
SN-MP, FH-MP (FMA), and SGn-FH as compared to the control group measurements.
This opposed previous studies which showed normal FMA and SN-MP values in the
MM2 impaction group.19,28

Ar-Go-Me (gonial angle) and Ar-Go (mm) showed no statistical significance
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between groups. The result for gonial angle was interesting because previous authors
determined that gonial angle has a significant role in MM2 and MM3 impaction patients
by influencing the amount of retromolar eruption space.17,19 These authors confirmed an
association between forward mandibular growth rotation and limited resorption at the
anterior aspect of the ramus, leading to reduced MM2 and MM3 eruption space and
subsequent impaction.17-20 This is believed to occur because retromolar eruption space is
correlated with the direction of condylar growth, which in turn affects morphology and
position of the adult mandible.18,20 Condylar growth in a predominantly vertical direction
is associated with reduced resorption at the anterior aspect of the ramus and forward
growth rotation of the mandible, whereas more backward-directed growth at the condyles
is associated with increased resorption and posterior growth rotation.18,20

Contradictory to these previous studies, our results showed that hyperdivergent
patients were nearly four times more likely to have MM2 impaction than hypodivergent
patients (OR=3.99, p=0.009). This may suggest that the hyperdivergent patient
morphology should not be disregarded. To suggest as to why this may have occurred, it
could be hypothesized that the direction of the erupting dentition may be more upright in
hyperdivergent cases, thus leading to less MM2 eruption space. This thought process was
also shown by Bjork to be true, because he described the dentition as erupting in a
backward direction in hyperdivergent patients.20 This hypothesis is also reasonable
because numerous authors have previously shown that as the angle between impacted
MM2 and the mandibular first molar becomes more acute, the risk of MM2 impaction
increases.9
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Interestingly, Mandibular corpus length (Xi-Pm) and retromolar eruption space
(MM1-Xi) showed no statistically significant difference between groups. Although study
group measurements were smaller than the control group, neither an association between
MM2 impaction, reduced mandibular corpus length (Xi-Pm) nor reduced retromolar
eruption space (MM1-Xi) could be made. Similarly, Behbehani, Årtun, and Thalib found
that mandibular corpus length did not show any predictive value in mandibular third
molar impaction cases.17 However, this differed from the work of Casette et al. and
Shapria, Borell, Nahlieli, and Kuftinec who showed that reduced retromolar space, when
measured from the distal of MM2 to the ascending ramus, could be a contributing factor
to MM2 impaction.9,33 However, this finding may not be entirely accurate because
Behbehani, Årtun, and Thalib showed that there was a relatively large method error when
measuring from MM2 to the ascending ramus, instead of Xi point.17 This conclusion was
due to difficulties in locating the anterior border of the ramus on the lateral
cephalograms, especially in cases where mandibular double contours were present due to
right/left differences in projection.17 Thus, Xi-MM2 seems to be the most reliable
measure for retromolar space.

Although the chance of MM2 impaction was 1.78 times higher in normodivergent
patients than in hypodivergent patients, this difference was not statistically significant (p
= 0.178) (Table 5). Hence, no association should be made between hyperdivergent and
normal divergent patients when considering MM2 impaction. Our results only showed
that hyperdivergent patients were 3.99 times more likely to have MM2 impaction than
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hypodivergent patients (OR=3.99, p=0.009). Perhaps, this additional consideration could
be used during the treatment planning process when comparing hyperdivergent versus
hypodivergent individuals.

The results of this study may enable the orthodontist to better understand MM2
impaction. MM2 impaction was seen more in Class II skeletal individuals, and it
occurred almost four times more often in hyperdivergent patients than hypodivergent
patients. This is especially important to remember because Class II patients have been
shown to present with retrognathic mandibles, and posteriorly positioned lower first
molars.25 The results of this study could provide additional evidence for some treatment
plans, such as extracting lower bicuspids in a borderline extraction dentition where MM2
has a tendency towards impaction. In such a treatment plan, these types of tooth
movements would increase the amount posterior arch space available for correction of
MM2 impaction during orthodontic correction. In a study regarding impacted third
molars, premolar extractions resulting in mesialization of molars resulted in fewer cases
of impacted third molars when compared with treatment through a nonextraction
approach.34

This information could also be used to guide cases that are planned for maximum
mandibular anchorage or distalizing mechanics; that is, mechanics such as utility arches
and TAD distalization. Even LLHA might be given second thought before being used
MM2 impaction cases. Sonnis and Ackerman showed that orthodontists must keep in
mind that placement of a appliances like a lower lingual arch will negate any available
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posterior space by blocking the mesial drift of the first permanent molar. 4 Thus, it is
logical to consider this information when dealing with MM2 impaction.

4.2. Limitations and future studies
One limitation to this study was that sagittal discrepancy was only addressed
using the ANB angle. Additional measurements could be used to provide supportive
evidence that mandibular second molars were more likely to be present in Class II
skeletal patients. This could include measurements such as Witts Anaylsis.35

This study was based on patients selected within a university setting. In
consequence, the results may not be generalizable to a population other than the Nova
Southeastern University orthodontic clinic. It should also be noted that this patient
population represented all ethnic groups, which again makes it harder to generalize the
findings of this study to a specific population of individuals.

Finally, this study was performed using records from a “snapshot” in time. It is
known that, in adolescents, longitudinal changes in mandibular posterior arch space
increases as resorption of bone on the anterior border of the ramus occurs.36 Future
studies could focus on following up with the patients after adolescence to determine the
status of MM2 impaction, the type malocclusion present, and the morphological changes
that may occurred since the initial radiographs were taken.
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Chapter 5: Conclusions
Detection of impacted teeth by the orthodontist is imperative for diagnosis and
treatment planning. Therefore, it is advantageous to clarify additional etiology and
characteristics of patients with mandibular second molar impaction (MM2). The results
of this study showed that significantly larger ANB values were present in the MM2
impaction group, meaning that MM2 impaction was more commonly seen in skeletal
Class II patients. The results also showed that that hyperdivergent patients were nearly
four times more likely to have MM2 impaction than hypodivergent patients. In addition,
mandibular corpus length (Xi-Pm) and retromolar eruption space (MM1-Xi) showed no
statistically significant differences between groups. Therefore, a skeletal Class II
individual due to a short mandible with less retromolar space is not more likely to have
MM2 impaction than a Class I individual. Thus, the results of this study emphasize the
importance of evaluating the vertical morphology of the mandible and its association with
mandibular second molar impaction. This seems to be a useful finding especially in cases
that are being treatment planned for maximum mandibular anchorage or distalizing
mechanics.
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Appendix
Raw data – Control and study groups.
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